An attraction for palatable foods rich in lipids is shared by rodents and humans. Over the last decade, the mechanisms responsible for this specific eating behavior have been actively studied, and compelling evidence implicates a taste component in the orosensory detection of dietary lipids [i.e., long-chain fatty acids (LCFA)], in addition to textural, olfactory, and postingestive cues. The interactions between LCFA and specific receptors in taste bud cells (TBC) elicit physiological changes that affect both food intake and digestive functions. After a short overview of the gustatory pathway, this review brings together the key findings consistent with the existence of a sixth taste modality devoted to the perception of lipids. The main steps leading to this new paradigm (i.e., chemoreception of LCFA in TBC, cell signaling cascade, transfer of lipid signals throughout the gustatory nervous pathway, and their physiological consequences) will be critically analyzed. The limitations to this concept will also be discussed in the light of our current knowledge of the sense of taste. Finally, we will analyze the recent literature on obesity-related dysfunctions in the orosensory detection of lipids ("fatty" taste?), in relation to the overconsumption of fat-rich foods and the associated health risks.
I. INTRODUCTION
Obesity is one of the major public health challenges of the 21st century, on account of its rapid worldwide spread and the deleterious effects of associated diseases (i.e., non-insulin-dependent diabetes, cardiovascular disorders, hypertension, cancer, and neurodegenerative diseases). The profound changes in our lifestyle, especially in our eating habits, are thought to play a significant role in this phenomenon. The availability of highly palatable and energy-dense foods, rich in fat and sugar, has been associated with the risk for developing obesity (49) . The hedonic reward value of these foods constitutes a driving force promoting their preferential consumption. The fact that energy-dense foods are attractive, and thus preferentially consumed, might constitute an advantage inherited from evolution to survive a food scarcity (142) . Together, these observations suggest the existence of an early and selective detection of these caloric nutrients. This sensing occurs as food enters the oral cavity and depends on the effectiveness of three complementary sensory systems: somesthesia (i.e., mechano-reception, thermal sensation, and nociception), retro-nasal olfaction, and gustation. The orosensory perception of dietary lipids, in contrast to sugar, was long thought to depend solely on their textural and olfactory properties. The recent discovery of lipid receptors in rodent and human taste buds suggests that lipids might also be detected by the gustatory pathway (127, 152) . Is there a sixth taste modality devoted to the detection of dietary fat? Neuroimaging studies suggest that the reward circuit could be disrupted in obesity (24) . Does obesity also lead to a dysfunction of the orosensory detection of dietary lipids? What could be the impact on food choice and health? Current knowledge on these issues will be discussed in this review.
II. SHORT OVERVIEW OF THE TASTE SYSTEM
The sense of taste provides critical information about the quality and nature of food, leading to specific eating responses (consumption or avoidance). Five basic taste modalities are commonly recognized: sour, salty, sweet, bitter, and umami (the taste of monosodium glutamate), and related tastants are detected by taste buds mainly localized on the tongue epithelium and rarely in the soft palate, pharynx, and upper esophagus. In the lingual epithelium, taste buds are present in three specialized gustatory papillae (i.e., fungiforms, foliates, and circumvallates) displaying different spatial distributions (FIGURE 1A). Most of the taste buds are found in circumvallate papillae (CVP) that are characterized by a domeshaped structure with a circular depression connected to von Ebner's glands, which produce and release salivary enzymes (68) and lipocalins (98) (FIGURE 1B). Taste buds are specialized onionshaped structures composed of 50-100 TBC clustered in the sur-rounding stratified epithelium (FIGURE 1C). Only the apical parts of some TBC are exposed to the saliva, and hence to dietary components, while the basal side of taste buds is connected to afferent fibers from the chorda tympani (CT) and glossopharyngeal (GL) nerves (cranial nerves VII and IX, respectively). This chemoreception system is completed by somatosensory endings from the trigeminal nerve (cranial nerve V) surrounding the taste buds and responsible for thermosensation, mechanoreception, and nociception (FIGURE 1C). A dense capillary network supplies all the taste buds. Nevertheless, existence of a "blood-bud barrier," which functions as the blood-brain barrier (BBB), limits the access of taste bud cells (TBC) to some blood molecules (37) .
A. Taste Bud: The Primary Receptor Organ
Studies on taste buds reveal an unexpected complexity. First, each taste bud is a heterogeneous assemblage of three different mature, elongated, cell types (types I to III) and one basal cell type (type IV) (52) (FIGURE 2A). Type I cells are glial-like supporting cells sharing many features with astrocytes (19) . They are thought to participate in sensing sodium (222). Type II cells are the taste receptor cells expressing, in a mutually exclusive manner, the receptors for sweet, bitter, or umami (141) . They communicate with afferent gustatory nerve fibers through nonconventional synapses (33) (FIGURE 2B). Type III cells are presynaptic cells required for sour taste perception (80) . They form synapses with primary sensory afferent terminals (VII and/or IX cranial nerves; FIGURE 2B) (175) . Finally, type IV cells are precursor cells responsible for TBC renewal (38, 171) .
The peripheral coding of taste is still debated, with two proposed theories. In the labeled-line model, the distinct taste qualities are carried by one type of TBC connected to dedicated afferent nerve fibers; while in the combinatorial model, also called the across fiber model, a taste modality is encoded by several broadly tuned neurons (23, 27, 110) . 
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Second, all TBC types appear to be linked through a complex communication network of neurotransmitters, including ATP and acetylcholine (ACh) produced by the type II cells, and serotonin (5-HT), GABA, and norepinephrine (NE) released by the type III cells (for reviews, see Refs. 91, 173, 215) . Respective roles of these signal molecules in taste bud function are progressively deciphered. ATP appears to be a major player in this system (FIGURE 2B). Indeed, ATP are released by type II cells in response to appropriate sweet, bitter, or umami tastants. Moreover, genetic inactivation of the ionotropic ATP receptors P 2 X 2 /P 2 X 3 is associated with a dramatic decrease in basic taste-evoked behaviors, including sour and salty tastes (53) . The voltage-gated ATP-permeable ion channel CALHM1, only detected in type II cells, was recently identified as crucial for this taste signal transmission (215) (FIGURE 2B). CALHM1 knockout abolished taste-evoked ATP release by type II cells, and the gustatory nerve response to taste qualities was dramatically decreased in CALHM1-null mice (216) . Once released from type II cells, ATP activates the purigenic receptors (P 2 X 2 /P 2 X 3 ) present both on type II cells themselves, afferent nerve fibers, and adjacent presynaptic cells (type III). Therefore, in the taste bud context, type III cells may be indirectly activated by sweet, bitter, and umami tastants while these presynaptic TBC do not express the related cognate receptors (i.e., T1R and T2R). Nevertheless, type III cells are not absolutely required for transmission of taste information from type II cells to afferent nerves. Indeed, genetic deletion of type III cells is not associated with the abolition of sweet, bitter, and umami tastes (77) , in contrast to the outcome of specific deletion of type II cells (124) . The fact that type III cells respond, directly (i.e., sour) and indirectly (i.e., sweet, bitter, umami), to a wide range of taste stimuli suggests that the afferent fibers that synapse with these cells might be broadly tuned. Thus, despite the strong evidence in favor of the labeled-line theory (138, 233) , it is likely that the peripheral coding of taste is more complex than previously expected. Finally, ATP is quickly degraded to ADP and AMP by the ecto-ATPase NTPDase2 located on the surface of type I cells (6) (FIGURE 2B).
Purigenic (ATP) stimulation of type III cells triggers the release of 5-HT (79, 81) . Whether a direct activation of conventional nerve endings associated with type III cells by 5-HT is questionable (173) , accumulative evidences support the involvement of this neurotransmitter in a cross-talk between type III cells and a subset of type II cells expressing the 5-HT A1 receptor (86, 95) . By decreasing ATP release from these type II cells during the late transduction phase (FIGURE 2B), 5-HT contribute to prolong the transmission of taste signals to the brain. Indeed, this transient inhibitory effect of 5-HT prevents the desensitization of P 2 X 2 /P 2 X 3 receptors on afferent gustatory nerve endings, an event ensuring the rapid termination of ATP-mediated action (168 mitter responses requiring a dialogue between the different cell types constituting the taste buds.
Third, a subset of TBC, mainly type II cells, also expresses multiple gastrointestinal hormones including glucagon-like peptide-1 (GLP-1) (194) , cholecystokinin (CCK) (73, 190) , neuropeptide Y (NPY) (82, 232) , vasoactive intestinal polypeptide (VIP) (119, 190) , and ghrelin (195) , known to regulate digestive tract function, glucose homeostasis, and appetite/satiety (for an exhaustive review, see Ref. 234) (FIGURE 3). The fact that cognate receptors are also found in taste buds and, sometimes, in adjacent afferent nerve fibers suggests a local endocrine influence. For instance, GLP-1, primarily identified in enteroendocrine L cells (174) , is also expressed in a subset of TBC, whereas its receptor (GLP1-R) is found in afferent gustatory nerves (194) . Interestingly, GLP1-R-null mice display a reduced response to sweet tastants during behavioral tests, suggesting that GLP-1 signaling enhances the sweet taste sensitivity (121, 194) . In contrast, the active form of the orexigenic hormone ghrelin and of its cognate receptor (GHSR) have been identified in all types of TBC in the mouse (195) (FIGURE 3) . A decreased response to sour and salty tastants was observed in GHSR-null mice (195) . In brief, all taste modalities appear to be under endocrine control (234) . Hormones produced by taste buds mainly play a role in modulating taste sensitivity. However, other functions are also plausible. For example, expression of NPY in the progenitor type IV cells (232) suggests a possible involvement in the renewal of TBC, as reported for olfactory neurons (41) . Gustation is also under the influence of peripheral hormones. Although leptin is not produced by taste buds, the presence of its cognate receptors, ObRb, on the surface of TBC (93) suggests that gustatory papillae are sensitive to variations in plasma leptin levels. The fact that circulating leptin acts as a negative modulator of sweet taste in the mouse is consistent with this suggestion (93) . In healthy humans, the recognition threshold for sweet taste correlates with the diurnal variation in plasma leptin levels (140) . Therefore, subjects need higher concentration of sugars to detect a sweet quality in the evening than that in the morning. Interestingly, this diurnal rhythm of sweet taste is lacking in overweight and obese subjects, likely because they develop a leptin resistance due to chronically high plasma leptin levels (88) . In contrast, the endocannabinoids anandamide and 2-arachidonoyl-glycerol are known to be orexigenic factors and enhance the sweet taste sensitivity through the activation of the CB 1 receptors (CB 1 R) (145) . This effect seems to be taste bud dependent because CB 1 R is found in a subset of type II cells expressing the sweet taste receptor T 1 R 3 , and a systemic administration of endocannabinoids increases the activity of gustatory nerves in the mouse (229 (LPS) can also affect TBC renewal. Indeed, LPS-mediated inflammation reduces the proliferation of taste progenitor cells and shortens the turnover of taste buds in mice (34) . Whether an acute or chronic low-grade proinflammatory environment, as reported during obesity, modifies the taste perception, and hence eating preference, is presently unknown.
In summary, the taste bud appears to be a complex sensory entity characterized by a constant cell-to-cell dialogue and able to adapt its renewal and detection levels of sapid molecules to changes in body requirements in response to multiple intrinsic (e.g., neurotransmitters, hormones) and extrinsic (e.g., LPS) influences.
B. From Taste Reception to Food Selection
As aforementioned, the connection of lingual gustatory papillae to the central nervous system occurs via two cranial nerves. The fungiform and circumvallate papillae are innervated by CT (cranial nerve VII) and GL (cranial nerve IX) afferents, respectively, while the foliate papillae are innervated by both (114) . The afferent fibers convey taste information to the rostral nucleus of solitary tract (rNST) in the brain stem, which is the obligatory first synapse in the ascending gustatory pathway (FIGURE 4). rNTS also receives inputs from lingual trigeminal (cranial nerve V) endings responsible for somato-sensations (92) . Little is known about the interactions between the gustatory and somatosensory systems during a prandial period. It has been suggested that activation of lingual trigeminal fibers modulates taste sensation at the rNTS level (50) . Once activated, the rNST sends information to the digestive tract through the dorsal motor nucleus of vagus (DMX) and efferent vagal (cranial nerve X) fibers (FIGURE 4, 1) . This pathway is responsible for the taste-induced cephalic phase reflex at the origin of modifications preparing the digestive tract for di- 
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Energy Nutrient SENSORS Digestive function 1 FIGURE 4. Physiological consequences on the digestive function and eating behavior of oral and post-oral detection of energy nutrients. Integrative model illustrating the cascade of events triggered by the detection of energy nutrients in oral cavity and small intestine. 1) Taste-induced cephalic reflex leading to early digestive secretion (e.g., rise in biliary and exocrine pancreatic secretion) preparing the body for food arrival. 2) Taste-guided activation of the "emotional" brain responsible for an instantaneous evaluation of hedonic value of foods. 3 and 4) Dialogue between the "emotional" and "metabolic" brain leading to the decision making at the basis of eating behavior, including food choice. gestion and absorption of nutrients (162) . For instance, an oral stimulation with sweet solutions triggers a rapid, albeit modest, increase in insulinemia in absence of any ingestion or of a glycemic variation in rodents (16) , and also likely in humans (163) . The rNST also projects to a set of brain areas constituting the corticomesolimbic circuitry, known to be implicated in the emotional representation of food (FIGURE 4, 2). It is an integrated system including the ventral tegmental area (VTA) and nucleus accumbens (Nac) which constitute the reward system and are involved in the motivation to eat, the amygdala and hippocampus implicated in the learned memory, and the frontal regions of cerebral cortex, i.e., prefrontal cortex (PFC), orbitofrontal cortex (OFC), and cingulate cortex which are responsible for the decision making (12) . By allowing an instantaneous evaluation of hedonic value (i.e., pleasure or "liking"), incentive salience (i.e., motivation or "wanting"), and predicted reward value (i.e., memorization or "learning") of foods, this pathway plays a crucial role in eating behavior (11, 13) . Indeed, integration of orosensory signals (i.e., taste and somatosensation) by the reward system determines the palatability of foods that is to say their hedonic value (i.e., pleasure induced by some food in the mouth). Orosensory information also affects, in a lesser extent, the regulation of energy balance by hypothalamus (i.e., "metabolic brain"; FIGURE 4, 3). During prandial period, the dialogue between the mesolimbic system and hypothalamus leads to decision makings (e.g., food selection; FIGURE 4, 4; Ref. 15 ). This two-step neural processing model highlights that the control of appetite depends on a subtle balance between the "emotional brain" and "metabolic brain." Dysregulation of this central homeostatic system can lead to obesity whether the hedonic hunger becomes dominant compared with metabolic hunger, that is to say the real energy needs of the organism (103) .
Postingestive signals triggered by the arrival of energy nutrients in the gastrointestinal tract provide additional information to the brain. It is noteworthy that gustatory receptors, first identified in TBC, are also found in the small intestine (FIGURE 4, 5). For instance, the entero-endocrine L cells express the sweet receptors T 1 R 2 /T 1 R 3 (117) , and release GLP-1 in presence of glucose in a sweet receptordependent manner (99) . This satiety regulatory peptide can modulate eating behavior via the activation the GLP-1R signaling both in enteric vagal afferents (FIGURE 4, 6), which are connected to caudal NTS, and in arcuate nucleus, a critical hypothalamic platform that integrates circulating signals of hunger and satiety (FIGURE 4, 7) (113) . During the postprandial period, variations in blood macronutrient levels also contribute to the control of the homeostatic function of the "metabolic brain" through a selective activation or inhibition of glucose-and fatty acid-sensitive hypothalamic neurons (FIGURE 4, 7) (for recent reviews, see Refs. 101, 137).
In conclusion, the progressive deciphering of the sense of taste reveals a complex system highly adaptable to changes both in the external environment (e.g., food availability) and body nutritional needs. The hedonic reward value of foods appears to be closely linked to the gustatory system, raising the possibility that taste constitutes a significant driving force leading to a preferential consumption of highly palatable foods, often rich in sugar and fat. While mechanisms underlying the perception of sweet taste have been widely studied for decades, the putative role of gustation in the orosensory detection of dietary fat is only an emerging paradigm.
III. TASTE OF FAT: SUPPORTIVE EVIDENCE
Palatability is a major determinant of food choice and consumption in humans (202) . Energy-dense foods rich in fats are especially palatable (43) . Therefore, it is not surprising that a preference for high-fat foods is a widely shared trait in humans (43) . In free-eating situations, laboratory rodents also generally prefer high-fat foods to their standard chow (184) . Orosensory detection of dietary lipids was long thought to involve only textural and olfactory cues. Recent data strongly suggest that the sense of taste also plays a significant role in the spontaneous preference for fatty foods in rodents. Indeed, fat in-mouth specifically activates lipid receptors to trigger a signaling cascade in TBC. The resulting lipid signals use the gustatory nerve pathway to modulate both digestive function and eating behavior. In contrast, its role in human preferences remains to be fully established. (56, 213) . The ability of rodents to detect LCFA specifically has also been confirmed with the conditioned taste aversion paradigm, in which a naive animal learns to avoid a newly encountered taste that is paired with a digestive pain (59) . Indeed, both rats and mice can be conditioned to avoid specific LCFA (57, 132) , with sensitivity in the submicromolar range (132, 228) . On the whole, these studies strongly suggest that rodents are able to specifically discriminate LCFA in the oral cavity independently from olfactory, textural, and postingestive influences.
A. Fatty Acids as Effective Taste Stimuli
Psychophysical studies performed with humans lead to a similar conclusion (129) . The three-alternative forcedchoice ascending procedure (3-AFC) is a classic method used to determine the oral detection threshold of various tastants. In brief, participants must recognize which sample is different in a set of two control and one experimental solutions. The tests continue with a progressive increase in the concentration of the tested molecule until the subject correctly identifies the experimental sample three consecutive times, this concentration representing the detectionthreshold value for the tested molecule. With the use of this paradigm under conditions minimizing the influences of olfaction (using nose clips), sight (experiment conducted in red light), and texture (adding textural agents as mineral oil and acacia gum), and excluding postingestive regulation (sip-and-spit procedure), healthy adults can specifically detect the presence of saturated and unsaturated LCFA in the oral cavity (26) . However, oral detection of LCFA is highly variable between subjects because distributions reaching four orders of magnitude have been reported (31, 129, 221) . Such variability might be attributed to the fact that participants are generally naive to this psychophysical test, and unfamiliar with the stimulus. Consistent with this assumption, the performance of volunteers may be improved by training (177) (128, 176) , whatever the papillae sites (i.e., fungiform, and circumvallate papillae) explored (129) . Surprisingly, SCFA are more easily perceived than LCFA (128, 176) . The hydrophobicity of FFA is known to be directly related with their alkyl-chain length. Therefore, the greater sensitivity for SCFA might be due to their relative greater solubility increasing their diffusion throughout the lingual epithelium. FFA seems to be orally perceived as tastants or irritants, depending on their concentration (58) . For trained panelists, all FFA elicit an oral "scratchy" sensation when they are tested at high concentrations, whereas the "fatty" attribute is only identified with low concentrations of LCFA (58) . Interestingly, capric acid (C6:0), lauric acid (C12:0), and oleic acid (OLA; C18:1, n-9) are all able to induce a calcium response in trigeminal neurons (230) . Therefore, one can speculate that dual, complementary mechanisms are involved in the orosensory detection of dietary lipids. During a prandial period, the trigeminal pathway, found in the nongustatory epithelium, might constitute a low sensitivity, broadly-tuned, system devoted to the oral sensing of high concentrations of various types of FFA, while a highsensitivity specifically tuned system, likely carried by taste buds, might detect minute quantities of LCFA (FIGURE 1C).
Taken together, rodent and human studies show that FFA are the effective stimuli responsible for the orosensory detection of dietary lipids. Direct comparison of these two data sets is inappropriate because the rodent studies explored the impact of an oral FFA stimulation on eating preference, while human experiments were focused on the capacity to detect oral FFA. This could explain why LCFA appear to be the only effective stimuli in rodents, whereas humans are able to detect a wide spectrum of FFA.
Influence of the salivary environment
Saliva plays a significant role in the orosensory perception of dietary components (for recent review, see Ref. 143 ). During feeding, ϳ90% of saliva is produced by the parotid, submandibular, and sublingual salivary glands, with the remaining being secreted by minor salivary glands including the von Ebner's glands (VEG; FIGURE 1B). VEG secrete directly into the clefts of foliate and circumvallate papillae, known to house the great majority of taste buds (FIGURE 1B). A preduodenal lipase (LIPF) is synthesized and secreted by VEG in rodents (69) . This anatomical feature appears to be especially suited to promote the enzymatic release of FFA from dietary TG directly in the vicinity of taste buds, facilitating their subsequent detection by the TBC (FIGURE 1B).
The fact that pharmacological inhibition of LIPF leads to a dramatic decrease in lipid detection and preference during behavioral tests in the mouse (94) is consistent with this assumption. A similar mechanism in humans remains under discussion because LIPF expression is lacking in VEG (203) . Nevertheless, substantial evidence supports the existence of lipase activity in human saliva leading to a partial TG breakdown of FFA (144, 154, 204, 223) . A recent study reconciles these paradoxical data. In situ hybridizations of human VEG cells confirm the absence of LIPF, in contrast to findings in mice, but reveal alternative lipase isoforms (LIPK, LIPM, LIPN) that are also known to induce TG "FATTY" TASTE cleavage (223) . However, the lipolytic activity of human saliva is low compared with rodent saliva (94, 144, 204) . Variability in the expression of these lipases might contribute to the great interindividual variation in oral detection of LCFA observed in healthy humans (31, 129, 221) . In agreement with this hypothesis, a positive relationship between lipolysis efficacy and intensity of perceived fattiness was recently reported in healthy humans (144).
In rodents and humans, VEG also produce and secrete various proteins including the VEG protein (VEGP) (98, 182) which belongs to the lipocalin superfamily (FIGURE 1B). This lipophilic ligand carrier protein is known to bind a remarkable array of small hydrophobic molecules, including LCFA, phospholipids, retinol, or bitter compounds. The function of VEGP in the cleft of gustatory papillae remains elusive. A shuttle role, facilitating the delivery of lipophilic molecules to TBC, has been proposed by homology with olfactory-binding proteins (181) . Conversely, VEGP might protect the TBC against the well-known detergent effects of FFA (20) . The negative association between the orosensory perception of fat and VEGP levels in human stimulated saliva corresponds quite well with a trapping function for VEGP in limiting the FFA bioavailability (144).
Finally, carbonic anhydrase VI (CA-VI), known to be involved in the regulation of the acid-base balance in different tissues (200) , is produced and secreted by rodent and human VEG (108) . By catalyzing the removal of protons, CA-VI generates a neutral or slightly alkaline microclimate in the immediate proximity of TBC. This CA-VI-dependent pH control is thought to play a role in taste bud responsiveness by controlling proton-gated K ϩ channels involved in TBC depolarization (108) , and by limiting TBC apoptosis (72) . During the prandial period, this pH microclimate might also favor the ionization of LCFA released by lingual lipase from dietary TG. Although the pK a value of LCFA is always discussed (87, 90) , OLA monomers in water appear to be essentially ionized at neutral pH (87) . This physicochemical characteristic might maintain LCFA in the extracellular environment of the TBC because the plasma membrane is poorly permeable to ionized LCFA, in contrast to their protonated forms (89) . From a functional point of view, an extracellular location of LCFA should facilitate the activation of lipid-sensors located in the apical side of TBC during feeding. Interestingly, the gustatory lipid sensor candidate CD36 is known to bind ionized LCFA preferentially (5) . Conversely, in the small intestine, the low pH microclimate lining enterocytes promotes the protonation of LCFA, facilitating their postprandial absorption by diffusion (146).
In conclusion, FFA are the effective stimuli eliciting the orosensory detection of dietary lipids in rodents and humans. LCFA are released from TG by a lingual lipase produced by the VEG or are present in minute quantities in foodstuffs (127) . Whether salivary composition in the clefts of gustatory papillae limit the uptake of LCFA by TBC, taste buds must dispose of a specific chemoreception system able to detect oral fat, independently of olfactory, textural and postingestive cues. Consistent with this proposal, several candidates for this function have been recently identified in the TBC of various species.
B. Chemoreception of LCFA by Taste Bud Cells
Four plasma membrane proteins, belonging to three unrelated families and displaying a binding affinity for FFA, have been directly or indirectly implicated in the chemoreception of dietary lipids by the gustatory papillae.
DRK channels
LCFA are known to regulate ion channels in various cell types (148, 156, 161) . The hypothesis that the delayed rectifying K ϩ (DRK) channels are also important players in the orosensory detection of fat was first proposed in the early to mid 1990s. Using patch-clamp recordings to explore the putative effect of various FFA on the plasma membrane potential of TBC isolated from rat fungiform papillae, Gilbertson et al. (60) reported that only polyunsaturated fatty acids (PUFA) were able to inhibit the DRK channels (60) . This action was direct and the PUFA inhibition was effective only when they were extracellularly added to isolated fungiform TBC. Because K ϩ is the major intracellular monovalent cation, PUFA-mediated inhibition of DRK channels elicits a fast cell depolarization due to a transient accumulation of positive charges in TBC, a condition required to promote neurotransmitter release (FIGURE 5). The DRK channels are comprised of at least nine different isoforms within three different subfamilies. Rat fungiform papillae express three of them, i.e., KCNA, KCNB, and KCNC (111) . Only the KCNA channels were exclusively sensitive to PUFA (111) . A combination of kinetic, pharmacological, and quantitative expression approaches have revealed that the KCNA5 isotype, also termed Kv1.5, is the major DRK channel in rat TBC (111) . The structure of the Kv1.5 channel has been solved and is comprised of six spanning domains and one pore loop, its homo-tetramerization forming a central pore (FIGURE 5). The mechanism by which PUFA inhibits Kv1.5 channels in TBC remains to be determined. However, a direct effect is likely because PUFA have been found to bind the extracellular domain of Kv1.5 protein in cardiomyocytes (76) .
In spite of PUFA-mediated regulation of DRK channels in TBC, a specific physiological role for K ϩ channels in oral fat detection remains questionable. Indeed, sweet and sour tastants are also able to reduce the K ϩ efflux and, thus, to depolarize TBC (4, 36, 97) . Moreover, all the cell types found in mouse taste buds (i.e., type I, type II, and type III) express K ϩ channels (133) (FIGURE 5). Finally, Gilbertson et al. (62) have shown that an subthreshold concentration of saccharin (0.5 mM) became attractive in the presence of minute quantities of PUFA (5 and 20 M) to rats in behavioral tests. Similarly, LA (158) or ␣-linolenic acid (121) were reported to increase licking responses to a sweet stimulus in rodents. Therefore, DRK channels might play the role of a "taste modulator," reinforcing the perception of various taste modalities.
GPR40 and GPR120
GPR40 and GPR120 belong to the G protein-coupled receptor (GPCR) superfamily. These seven-transmembrane domain proteins are also termed FFA receptor 1 and 4 (FFAR1, FFAR4) because they bind to and are activated by MCFA and LCFA (FIGURE 5). Ligand activation elicits an intracellular association with G␣q protein, initiating a signaling cascade leading to a transient rise in intracellular ionized calcium concentrations ([Ca 2ϩ ] i ) (for reviews, see Refs. 70, 214) (FIGURE 5). GPR40 and GPR120 share only 19% sequence homology and are phylogenically distant (35) , suggesting that they play different roles in the body. GPR40 is highly expressed in the ␤-cells of Langherans' islets, where it amplifies the insulin release during the prandial period (83) . Along the small intestine, GPR120 is especially found in the entero-endocrine L cells and, in a lesser extent, K cells which synthesize and secrete the incretins GLP-1 (74) and GIP (84), respectively. GPR40 and GPR120 were recently reported to be plausible candidate gustatory lipid sensors in the mouse (25) . This conclusion was based on the fact that GPR40
Ϫ/Ϫ and GPR120 Ϫ/Ϫ mice showed a decreased gustatory nerve response to oral FFA stimulation, and displayed a lower preference for LA and OLA than wild-type animals. This original finding correlated quite well with the gustatory function of other GPCRs, such as T1Rs and T2Rs receptors involved in sweet, bitter, and umami tastes. However, the role of GPR40 in the gustatory detection of lipids remains questionable because the presence of this GPCR has not been confirmed by others investigators in the gustatory papillae of mice (2), rats (126) , or humans (58) . In contrast, GPR120 is mainly expressed in the type II taste cells of mouse CVP (25, 125) (FIGURE 5). In humans, GPR120 is expressed in both taste buds and the surrounding nongustatory epithelium (58) . Taken together, these data suggest that GPR120, in contrast to GPR40, might participate in gustatory coding mechanisms that detect LCFA in the periphery. Nevertheless, the role of lingual GPR120 seems to be more complex than initially expected. Surprisingly, in contrast to prior results (25) , a recent study reported that GPR120 Ϫ/Ϫ mice (as well as GPR40 Ϫ/Ϫ mice) did not differ from wild-type mice in their preference for intralipid (188) , a fat emulsion composed of soy bean oil, egg phospholipids, and glycerin. Nevertheless, despite the use the same GPR120 KO mouse model, the great differences in the lipid stimuli used, either free LCFA (25) or intralipid, hinder a direct comparison between these two studies (188 other report, the use of non-fatty acid agonists of GPR120 in the mouse reveals a disconnection between the GPR120-mediated activation of gustatory afferent fibers and the expected related behavior (i.e., lipid preference). Indeed, wildtype mice were unable to detect these GPR120 agonists in two-bottle preference tests despite a GPR120-dependent activation of the GL nerve (64) . Similarly, these non-fatty acid agonists were not detected by healthy volunteers subjected to two-alternative forced-choice tests (64) . These new findings suggest that the ligand binding activation of lingual GPR120 is not sufficient to generate a typical food choice. These contradictory reports confuse our understanding of the role played by GPR120 in the preference for fat. To unravel the function of GPR120 in the lingual gustatory epithelium, we have recently undertaken a set of behavioral tests (two-bottle preference tests, licking tests, and conditioned taste aversion) in association with functional experiments (calcium imaging studies on freshly isolated TBC) in GPR120 Ϫ/Ϫ mice and their wild-type littermates (2). During these experiments, GPR120
Ϫ/Ϫ mice and controls subjected to 12 h two-bottle preference tests displayed a similar appetence for an oily solution or Intralipid emulsion. This similar behavior was reproduced when LCFA (LA and OLA) were tested under conditions known to substantially minimize postingestive influences (i.e., 1 min licking tests), suggesting that the absence of GPR120 in the oral cavity did not alter the taste-guided attraction to fat. Moreover, GPR120
Ϫ/Ϫ mice learned to avoid 0.5% LA, similar to wild-type mice, during conditioned taste aversion tests, whereas their sweet preference was maintained. In line with these behavioral data, LA-mediated induction of [Ca 2ϩ ] i was not altered in TBC freshly isolated from GPR120 Ϫ/Ϫ CVP. This last result is consistent with a recent report showing that the LA-mediated increase in [Ca 2ϩ ] i is poorly, or not, affected by the siRNA knockdown of GPR120 in a human fungiform cell line (149) . Taken together, these data raise the question of the GPR120 function in the gustatory papillae.
CD36
CD36 (i.e., cluster of differentiation 36) is a membrane protein that belongs, with SR-B1 and Limp-2, to the class B scavenger receptor family. CD36 is expressed in various cell types including TBC and is known to bind saturated and unsaturated LCFA with an affinity in a nanomolar range (5) . This glycoprotein displays a hairpin-like structure with two spanning domains located near the cytosolic NH 2 and COOH tails and a large extracellular domain harboring a hydrophobic pocket (FIGURE 5). The multiple glycosylation sites and disulfide bridges found in this ectodomain are essential for the intracellular processing of CD36 and its correct addressing to the plasma membrane (for a review, see Ref. 120) . In the membrane, CD36 is found both inside and outside of lipid rafts (46) known to be clustering platforms of signaling molecules. Therefore, it is not surprising that LCFA are found associated with CD36 in raft domains (46) . Since consensus sequence allowing associations with signaling partners is lacking in cytosolic tails of CD36 (65) , this ligand-mediated association into rafts is critical for the signaling function of this receptor. In rafts, CD36 forms functional associations with other proteins, as Src-protein tyrosine kinases (Src-PTK) (78) and caveolin-1 (169), known to be involved in the cell signaling and endocytosis, respectively. Ubiquitination of Lys 469 and Lys 472 in the COOH terminus of CD36 determines its metabolic fate, monoubiquitination stabilizing CD36 at the plasma membrane (insulin effect), whereas polyubiquitination promotes its degradation by the proteasome pathway (LCFA effect) (201, 218) . Therefore, presence of CD36 in the plasma membrane appears to be a dynamic phenomenon under control of posttranscriptional events. All these features strongly suggest that CD36 is able to transfer a LCFAtriggered signal into the cell. A CD36 homolog, termed sensory neuron membrane protein (SNMP), has recently been identified in a subset of olfactory sensory neurons in the Drosophila melanogaster (9, 67) . Interestingly, SNMP is implicated in the detection of cis-vaccenyl acetate, a lipidlike pheromone (9) , suggesting that CD36 might play basic functions affecting behavior not only in mammals but also in insects (113) .
In the lingual epithelium, CD36 appears to be restricted to the gustatory papillae in various species, including rat (55), mouse, (105), and human (199) . Immunohistochemical staining of CVP shows that the CD36 protein is mostly located at the apical side of TBC lining the taste pore in the mouse (105) . Coexpression of CD36 with GPR120 (121, 149) and ␣-gustducin (105), the G protein implicated in the sweet, bitter, and umami transduction signal, strongly suggests that CD36 is mainly expressed in type 2 cells (FIGURE 5). Involvement of CD36 in the orosensory detection of dietary lipids is supported by the tight relationship between CD36 gene expression and detection and/or consumption of lipids during behavioral tests. In the mouse, CD36 gene inactivation specifically abolishes the detection and preference for LCFA in longterm two-bottle preference tests (105, 187) . This preference response was also reproduced when CD36-null mice were subjected to brief-access licking tests, suggesting that lingual CD36 can play a significant role in this phenomenon (122) . The fact that a specific depletion of CD36 in CVP with CD36 siRNA attenuates the preference for LA in rats is consistent with this interpretation (29) . Nevertheless, whether naive CD36 Ϫ/Ϫ mice failed to detect properly fat sources during two bottle preference tests, oil-experienced animals displayed near similar attraction for oil emulsion than wild-type controls (187) . This learned preference has been attributed to postingestive conditioning, as previously found for sugars in mice missing the sweet receptor subunit T1R3 (for a review, see Ref. 186) . These data suggest that postingestive sig-nals can override the genetic defect of CD36 in the peripheral taste tissue leading to substantial modifications in the preference for fat. Under physiological conditions, integration of both lipid-induced oral and postingestive signals (i.e., gut hormones and neurotransmitters, lipid nutrients) by the brain constitutes complementary driving forces responsible for the attraction for fat (FIGURE 4).
In humans, subjects who carry the variant allele (single nucleotide polymorphism, SNP) rs1761667-AA, known to reduce the CD36 gene expression (115) , displayed a greater LCFA-detection threshold (i.e., a lower detection sensitivity) (154) and had a higher acceptance of added fats and oils (96) than G/G controls.
LCFA detection by lingual CD36 also influences the function of the digestive tract, likely through a cephalic-vagal reflex (see sect. IIB, FIGURE 4). The transient rise in pancreatobiliary secretions triggered by the oral deposition of LA that is observed in esophageal ligated wild-type mice is fully abolished in CD36-null mice (105).
In summary, at least three different types of lipid sensors are involved in the chemoreception of LCFA by TBC. Our present knowledge suggests that 1) the control of Kv1.5 channels by PUFA in TBC does not explain the spontaneous fat preference observed in rodents, but might rather be responsible for the modulation of perceived taste intensity. 2) GPR120 is likely not indispensable for the gustatory detection of lipids in the mouse. This conclusion raises the question of alternative role(s) played by GPR120 in TBC. 3) There is a convincing association between the presence of CD36 in TBC and the efficient orosensory detection of dietary lipids. The functional preparation of the digestive tract for incoming lipids constitutes an additive potential physiological advantage of this CD36-mediated lipid-sensing system.
C. LCFA-Mediated Signal Transduction in Taste Bud Cells
Signaling cascades elicited by the chemoreception of LCFA in TBC are under active study. Because CD36 appears to be a plausible lipid receptor candidate, the present review is mainly focused on this glycoprotein.
Receptor-coupled downstream signaling
Receptor-coupled downstream signaling is well established for the sweet, bitter, and umami tastes (for recent review, see Ref. 85 ) which share a common signaling pathway. In brief, ligand binding to GPCR (T 1 R, T 2 R) activates ␣-gustducin. Once activated, ␣-gustducin leads to the induction of phospholipase C␤ 2 (PLC␤ 2 ) which, in turn, generates inositol 1,4,5-trisphosphate (IP 3 ) and diacylglycerol (DAG) by cleaving the phosphatidylinositol 4,5-bisphosphate (PIP 2 ). The action of IP 3 on its cognate receptor (IP 3 -R 3 ) located on the endoplasmic reticulum (ER) releases Ca 2ϩ (14) . This event triggers a transient cell depolarization due to the opening of the Na ϩ -permeable channel called transient receptor potential melastatin-5 (TRPM5). When the depolarization reaches the required value, neurotransmitters are released, and the neural taste signals are transmitted to the central nervous system. Current knowledge of the signaling cascade induced by LCFA in TBC reveals some similarities with the signal transduction cascade described above.
A) PHOSPHOLIPASE C ACTIVATION. PLC appears to be activated by LCFA in isolated mouse TBC since IP 3 is produced (47) . ␣-Gustducin, by activating PLC␤ 2 , is indispensable for sweet, bitter, and umami taste transduction (226) . Although CD36 is coexpressed with ␣-gustducin (105), this G protein is not implicated in the orosensory detection of lipids because ␣-gustducin Ϫ/Ϫ mice did not show reduced intake of soybean solutions in a double-choice test (189) . This conclusion raises the question of the nature of the transducer signal between CD36 and PLC activation. In mouse CD36-positive TBC, LCFA binding induces the activation of members of the Src protein tyrosine kinase (SrcPTKs) family (47) . Interestingly, PTKs activate PLC␥1 in bone marrow-derived mouse mast cells (54) . Since the TBC express PLC␤2 and, both PLC␥1 and PLC␤2 induce the PIP 2 hydrolysis, it is tempting to speculate that PLC␤2 might also be involved in the signaling cascade triggered by LCFA-mediated activation of CD36, as already shown for sweet, bitter, and umami tastes. Nevertheless, the exact step-by-step mechanism remains to be ascertained. The PLC isoforms involved, and nature of the adapter molecules, are not yet known. (165) . In mouse TBC, LCFA-mediated IP 3 release leads to the opening of SOC channels (47) . Ca 2ϩ release-activated channels (CRAC) also belong to SOC channels and contain a class of four transmembrane proteins known as Orai (named after the keepers of heaven's gate in the Greek mythology). Orai1 is the pore-forming subunit of the CRAC channel, and Orai3 might represent an additional candidate for native SOC channels when coexpressed with Orai1 (180) . In mouse TBC, the LCFA-activated SOC channels were composed of Orai1 and Orai1/Orai3 proteins (42) . It is noteworthy that the activation of fat taste receptor candidates CD36 (47) and GPR120 (149) by LCFA was coupled to increases in [Ca 2ϩ ] i levels in the TBC.
From a mechanistic point of view, the stromal interaction molecule 1 (STIM1) is known to be an ER Ca 2ϩ sensor that plays a crucial role in the cascade of reactions leading to SOC channel activation (42) . STIM1 comprises a single transmembrane domain and a low-affinity NH 2 -terminal EF-hand facing the lumen of the ER. Under resting conditions, when ER Ca 2ϩ stores are full, the EF-hand motif of STIM1 is bound with Ca 2ϩ and STIM1 is uniformly distributed within the ER membrane. However, upon Ca 2ϩ store depletion, Ca 2ϩ unbinding from the EF-hand triggers STIM1 oligomerization. Oligomers migrate towards the ER-plasma membrane junctions. This phenomenon results in the appearance of STIM1 in punctae structures of the ER membrane that are in close proximity (10 -25 nm) to the plasma membrane, inducing the activation of SOC channels (109) . Interestingly, STIM1 was found to regulate LCFAinduced opening of SOC channels in mouse TBC expressing CD36 (42) . This effect takes place through a STIM1-mediated production of the Ca 2ϩ influx factor (CIF), responsible for the opening of SOC channels in these gustatory cells. The CIF purified from mice TBC seemed to be broadly active because it evoked an inward Ca 2ϩ current when injected into T lymphocytes (42) . STIM1 plays a crucial role in the LCFA-mediated signaling cascade in TBC. Indeed, the spontaneous preference for oily solution observed in wild-type mice was completely abolished in Stim1 Ϫ/Ϫ mice (42).
In brief, Ca 2ϩ signaling, orchestrated by STIM1, plays a key role in CD36-mediated fat signal transduction. However, whether GPR120 is also coupled to STIM1 and the opening of SOC channels is still not known. C) TRPM5 CHANNELS. Perez et al. (155) , for the first time, identified TRPM5 in mouse type II cells, in which it was coexpressed with ␣-gustducin, PLC␤2, and IP 3 receptors. These investigators demonstrated that TRPM5 in TBC acts as a cationic channel when internal Ca 2ϩ stores are depleted, proposing that TRPM5 might be responsible for capacitative Ca 2ϩ entry in TBC responding to bitter and/or sweet compounds. This initial functional hypothesis has not later been confirmed. However, the use of TRPM5-null mice revealed that TRPM5 plays a crucial role in sweet and bitter tastes in rodents (167, 189) . TRPM5 was finally identified as a Ca 2ϩ -activated Na ϩ channel (164) that functions, within the GPCR-G␤␥-PLC␤ 2 -IP 3 pathways, to depolarize the TBC and leads to neurotransmitter release (231) . However, TRPM5-induced depolarization seems to be insufficient to activate ATP release by TBC, efficiently (215) . The involvement of voltage-gated Na ϩ channels in attaining a threshold voltage adequate to trigger ATP release has been suggested (215) .
TRPM5 channels appear to also be critical for the transduction of a LCFA signal in TBC, and the preference for fat. Indeed, LCFA-induced inward current and increases in [Ca 2ϩ ] i were significantly reduced in single TBC from fungiform and circumvallate papillae from TRPM5 Ϫ/Ϫ mice (112) . Inactivation of the TRPM5 gene abolished the preference for fat in mice subjected to a two-bottle preference test (112, 189) . D) OTHER CANDIDATES AS FAT SIGNALING ELEMENTS. Taruno et al. (216) showed that CALHM1 acts as a voltage-gated ATPrelease channel and is required for perception of basic tastes in the mouse (see sect. IIA). These investigators demonstrated that CALHM1 is indispensable for taste-stimulievoked ATP release from sweet-, bitter-and umami-sensing TBC. CAMLH1 channels were also recently implicated in salt taste perception (217) . Interestingly, when CALHM1 Ϫ/Ϫ mice were subjected to two-bottle preference tests, they also displayed a decreased preference for LCFA or oily solution compared with wild-type controls. As already mentioned (see sect. IIA), ATP release by the type II cells, via CALHM1 channels, triggers the 5-HT secretion by type III cells, an event affecting the transmission of the taste signal to the brain (168) . Blocking of CALHM1 channels by pharmacological agents or decreased CALHM1 expression by siRNA blunted the LCFA-mediated 5-HT release usually found in isolated murine (47, 57, 149) and human (149) TBC. Altogether, these preliminary data strongly suggest an involvement of CALHM1 channels in the lipid-mediated signaling cascade in TBC (collaborative work with P. Marambaud from the Feinstein Institute of Medical Research, New York, NY, unpublished data).
Neurotransmission of the fat signal
As shown in section IIA, the detection and identification of tastants by the type II cells induce Ca 2ϩ signaling which, in turn, releases ATP that exerts its action both on type II and type III cells together with primary gustatory neurons (172) . Therefore, the fact that genetic ablation of purinergic receptors P 2 X 2 /P 2 X 3 greatly reduces basic taste-evoked behavior is not surprinsing (53) . Interestingly, these double knockout mice also display a deficit in fat preference during behavioral tests, suggesting that the orosensory detection of dietary lipids is also dependent on ATP signaling (185) .
LCFA, through the binding to CD36 in the TBC, also triggers the release of 5-HT and NE (47) . Because the type III presynaptic cell produces these neurotransmitters, it can be thought, by homology with basic tastes, that their release is a requirement of cell-to-cell communication (type II to type III) via ATP release (173; see sect. IIA).
Lipid signaling in taste bud cells: an integrative working model
This overview of our present knowledge of the mechanisms responsible for the signal transduction cascade triggered by LCFA in TBC identifies the following genes as necessary for this phenomenon: CD36, STIM1, CALHM1, TRPM5, and P 2 X 2 /P 2 X 3 . Indeed, the relevant transgenic mouse models are, in contrast to wild-type controls, unable to properly detect and prefer low concentrations of LCFA in behavioral tests. On the basis of these observations, and signaling cascade identified, the following model of fat signal transduction in TBC can be proposed (FIGURE 6).
During the prandial period, the binding of LCFA to CD36 in the apical side of type II cells induces the phosphorylation of Src-PTK leading, in turn, to the activation of the PLC (probably PLC␤ 2 ) (FIGURE 6, 1) . The subsequent IP 3 production triggers the recruitment of Ca 2ϩ from the ER pool. The resulting Ca 2ϩ store depletion in ER cisternae activates STIM1, reinforcing the increase in [Ca 2ϩ ] i by opening SOC channels (i.e., Orai 1 and Orai 1/3 ) (FIGURE 6, 2) . This last event would induce a cell depolarization via the opening of TRPM5 channels (FIGURE 6, 3) . In presence of PUFA, the DRK channels might act downstream to CD36 activation to potentiate the fat signal (61) . Indeed, PUFA inhibition of DRK channels might amplify this depolarization (FIGURE 6,  4) to a level sufficient to induce efflux of ATP from type II cells via CALHM 1 channels (215) (FIGURE 6, 5) . Interaction of ATP with its cognate receptor (P 2 X 2 /P 2 X 3 ) might 1) sustain the ATP release by type II cells, through an autocrine positive loop, 2) activate nonconventional gustatory nerve endings found in the vicinity of type II cells, and/or 3) induce 5-HT release from type III cells (FIGURE 6, 6) . By limiting the desensitization of purigenic receptors in nonconventional nerve endings (86, 168) , 5-HT might increase the duration of the lipid signal to the brain (FIGURE 6, 7) . It is likely that FFA activation of trigeminal endings, found in high density near taste buds, also plays a modulatory role in the treatment of a fat taste signal by rNTS (FIGURE 6, 8) intentionally omitted by reason of conflicting results in the literature. Besides, the direct cooperation between type II and type III cells via the 5-HT pathway (FIGURE 6, 7) , as reported for sweet, bitter, and umami tastes, needs to be established.
D. Lipid Signal in the Gustatory Circuitry
Participation of the peripheral gustatory circuitry in the orosensory sensory detection of dietary lipids is required to establish the existence of a fat taste modality. Complementary methods were used to explore this question in rodents: behavioral studies after bilateral section of the chorda tympani (CTX) and/or glossopharyngeal nerves (GLX), direct electrophysiological recording from these gustatory nerves, and immunohistochemical detection of the neuronal activity using the protein fos as a marker.
A bilateral CTX induces a decrease in fat preference (157, 209) and in conditioned LCFA aversion during behavioral tests in rats (157) . A more drastic effect is observed after a total denervation of the peripheral gustatory nerves. Indeed, spontaneous LA preference and conditioned taste aversion are suppressed in the double denervated CTXϩGLX mouse (57) . Nevertheless, the possible link between lingual CD36 and transfer of a fat signal by the gustatory nerves remains to be demonstrated by direct electrophysiological recordings in CD36 ϩ/ϩ and CD36 Ϫ/Ϫ mice subjected to an oral lipid load. Whole CT and GL nerve recordings show taste nerve responses in mice subjected to oral FFA stimulation, compared with controls (25) . However, the magnitude of the taste response to FFA remained small. Altogether these studies support the idea that oral lipid signal transits by the peripheral gustatory nerve circuitry classically involved in the transfer of taste information to the brain.
Because NST in the brain stem is the first synaptic relay in the ascending nervous gustatory pathway, immunohistochemical detection of the fos marker was used to identify the populations of neurons activated in mice stimulated by oral fat. LA triggers a neuronal activation in rNST, known to receive CT and GL afferent fibers (FIGURE 1) . Interestingly, this activation is CD36-dependent since it is lacking in CD36 Ϫ/Ϫ mice (57) . Axons from the mandibular branch of the trigeminal nerve innervating the anterior tongue are known also to project into taste areas of the NST (67) (FIGURE 1) . However, neuronal activation of rNST by mechanical or textural stimulations seems to be unlikely. Indeed, direct lingual deposition of the control solution did not affect neuronal activity in the rNST (57) . Thus an orosensory detection of dietary lipids triggers a neuronal signal that is transmitted to the brain through the peripheral gustatory circuitry.
E. Regulation of "Fatty" Taste Sensitivity
To be physiologically relevant, the gustatory detection of, and hence attraction for, dietary lipids must be dynamic, and thus tightly regulated. Consistent with this assumption, recent studies show that hormones (i.e., GLP1 and leptin) and endogenous factors (i.e., endocannabinoids) are involved in the modulation of the orosensory sensitivity to lipids, as already reported for the sweet taste (see sect. IIA). GLP-1R gene disruption leads to a significant reduction in the capacity to detect low concentrations of rapeseed oil during long-term (12 h) two-bottle preference tests in the mouse (121) . While the suprathreshold for detection of an oily solution was 0.02% in littermate controls, it reached 0.5% in GLP-1R Ϫ/Ϫ mice. This behavioral change is mainly due to a weaker oral sensitivity to lipids because similar data were reproduced using a brief-access procedure (1 min licking tests), known to minimize postingestive cues. Interestingly, the food-mediated drop in the CD36 content of CVP, classically found in wild-type animals (122) (see sect.
IIIB3), did not occur in GLP-1R
Ϫ/Ϫ mice. Therefore, it is tempting to speculate that GLP-1 increases the "fatty" taste sensitivity by participating in the dynamic regulation of lingual CD36 during the prandial period (121) . Conversely, systemic leptin injection reduces a behavioral response to low corn oil concentrations, compared with saline injection, in rats subjected to brief-access licking tests (192) . Finally, a regulatory loop linking LCFA, endocannabinoids, and preference for fat has also been recently identified in the rat (40) . An oral exposure to OLA or LA drives intestinal synthesis of endocannabinoids, favoring the attraction for fat through the activation of the CB1-R signaling. Additional studies are required to explore the molecular mechanisms by which these behavioral alterations take place. To date, it is unknown whether similar regulation occurs in humans.
F. The "Fatty" Taste in Nonmammalian Species
Gustatory systems from flies and mammals share a similar organization allowing the detection of nutritionally relevant molecules, as sweet, bitter, and salt (227) . Drosophila melanogaster was recently shown to display a gustatory function able to specifically detect and promote feeding of FFA (123) . This system senses all types of FFA from SCFA to PUFA, independently of olfactory, mechanical, and metabolic cues. Low concentrations of FFA lead to appetite behavior, whereas high concentrations induce aversion. Interestingly, the PLC pathway is required for FA response, as shown in mammals. Indeed, mutation of the PLC ortholog norpA suppresses the appetitive response to FFA. Nevertheless, the receptor responsible for sensing FFA in this species
is not yet known.
G. Concluding Remarks
According to the Richard Mattes's proposal (131) , recently extended by Passilly-Degrace et al. (151) , about the minimal properties required to constitute a primary taste quality, i.e., 1) effective stimulus, 2) specific reception and signaling cascade, 3) involvement of peripheral gustatory pathway, 4) physiological impacts, and 5) regulation of the detection system, it appears that the "fatty" might be eligible as taste, at least in rodents. Nevertheless, a number of issues still need to be solved before we can say, or deny, that there is a taste of fat.
IV. TASTE OF FAT: LIMITATIONS
At least four main questions remain to be answered before claiming that there is a "taste of fat." What are the respective roles of CD36 and GPR120 in the TBC? Is the multifunctionality of CD36 compatible with a role as a taste receptor? Is this lipid detection system found in TBC consistent with the peripheral coding taste models? Are LCFA perceived as a unique taste quality?
A. CD36 and GPR120: Two Receptors for One Function?
CD36 and GPR120, which are known to bind and be activated by LCFA (5, 74) , are coexpressed in mouse and human TBC (121, 149) . Because these proteins are plausible gustatory lipid receptors, a functional redundancy in TBC would be surprising, according to our knowledge of basic taste modalities. Three alternative scenarios might be proposed to explain this paradoxal situation.
Binding specialization hypothesis
Each receptor would be specialized in the recognition of specific LCFA. This first possibility appears to be unlikely. Indeed, comparative analysis of binding characteristics of CD36 and GPR120 reveals no clear differences between these two lipid receptors (FIGURE 7). Even if GPR120 has recently received substantial attention as a 3 receptor (147), it can be activated by various saturated FFA ranging from C14 to C18, as well as by unsaturated FFA from the 3 and 6 families (74, 225), as can CD36.
Direct cooperation hypothesis
This hypothesis suggests that the simultaneous presence of CD36 and GPR120 in TBC is absolutely required to properly detect the presence of LCFA in saliva. It was postulated that LCFA binding to CD36 should activate GPR120 to initiate the signal transduction cascade leading to transmitter release and, hence, fat detection (63) . This prioritization is based on the fact that CD36 displays a greater binding affinity for LCFA than GPR120 (FIGURE 7) and is known to act as a cofactor facilitating recognition of derived lipids by Toll-like receptors in the mouse (75) . Similarly, it was shown that a CD36 homolog, the sensory neuron membrane protein (SNMP), plays a "signaling bridge" role between the FA-derived pheromone cis-vaccenyl acetate and the odorant receptor OR67d in Drosophila melanogaster (10) . However, this scenario is challenged by behavioral studies performed using knockout mouse models (FIGURE MCFA Comparison of the main characteristics of CD36 and GPR120 in the mouse. FA, fatty acid; KO, knockout; LCFA, long-chain fatty acid; MCFA, medium-chain fatty acid; TBC, taste bud cells.
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. Indeed, detection and preferential consumption of lipid sources are not affected by a targeted GPR120 gene deletion (2, 188) , likely because CD36 gene expression in CVP is maintained in this mouse model (2) . Therefore, a role for GPR120 as a primary lipid receptor responsible for the oral fat detection appears to be largely speculative.
Indirect cooperation hypothesis
Alternatively, an indirect cooperation between CD36 and GPR120 is suggested by several observations. First, hormones and LCFA are known to regulate the membrane localization of CD36. In myocytes, insulin induces the translocation of CD36 from the cytosol to the plasma membrane, whereas LCFA elicit an inverse movement (100, 201, 210) (see sect. IIIB3). In the digestive tract, we showed that the presence of LCFA in the intestinal lumen also induced a rapid disappearance of CD36 from the apical side of enterocytes, leading to a partial degradation by the ubiquitinproteasome pathway (218) . This ligand-mediated negative feedback, classically described for numerous surface receptors, likely constitutes a physiological desensitization mechanism that progressively abolishes the LCFA-mediated CD36 signaling in enterocytes during the postprandial period (218) . A similar dynamic regulation of CD36 seems to exist in TBC. Indeed, lipid deposition onto the lingual epithelium is sufficient to induce a dramatic decrease in the CD36 protein levels in mouse CVP (122) . In line with this observation, CD36 in CVP displays a diurnal variation, with a progressive decrease during the active feeding period (i.e., dark sequence). Because lingual CD36 is significantly involved in the avidity for lipids (105, 122, 187) , it is tempting to speculate that this downregulation of CD36 might lead to a progressive decrease in the motivation to eat fatty foods during a meal. Such a temporary decline in pleasure derived from consuming a certain food is reminiscent of the sensory-specific satiety identified in humans (170) . Conversely to CD36, GPR120 levels in the mouse CVP remains globally stable throughout the day and appear to be insensitive to the lipid content of the diet (122) . Second, it is known that GPR120 is broadly expressed in the distal small intestine and colon, where it is coexpressed with GLP-1 in the enteroendocrine L cells (74) . During the prandial period, stimulation of GPR120 by LCFA promotes the secretion of intestinal GLP-1, increasing circulating insulin (74) . Interestingly, GPR120 and GLP-1 are also colocalized in the mouse TBC (121) . Moreover, LCFA and the specific GPR120 agonist GSK137647A elicit GLP-1 release by freshly isolated mouse CVP (121) . Although a direct demonstration using GPR120 Ϫ/Ϫ mice is presently lacking, these data strongly suggest that GPR120 is implicated in the release of GLP-1 by gustatory papillae (74) , as previously demonstrated in the entero-endocrine L cells.
Third, GLP-1 is known to modulate sweet and umami taste sensitivities in the mouse (118, 194) . Behavioral experiments, conducted using mice in which the GLP-1 receptor (Glp1r) was lacking, have shown a reduced capacity to detect low concentrations of rapeseed oil, demonstrating for the first time that GLP-1 also modulates the "fatty taste" sensitivity (121) . The molecular mechanism by which this control takes place is not yet fully established. However, the dynamic downregulation of CD36 in CVP, normally triggered by LCFA (122) , was lacking in GPL1-R Ϫ/Ϫ mice (121) . This finding provides the first evidence that GRP120 might be able to modulate the CD36-mediated detection of oral lipid, via GLP-1 secretion.
According to our current knowledge, the following "indirect cooperation" scenario may be proposed (FIGURE 8) . At the beginning of a feeding period, LCFA binding to CD36 into lipid rafts (159) results in the formation of a multimolecular complex of transmembrane proteins, including adaptors (71), members of Src-PTK (78) , and Cav1 (169) (FIGURE 8, 1; see sect. IIIB3 ). This multimolecular platform should be able both to trigger a downstream signal and to limit its duration by the partial degradation of the ligandreceptor complex. Indeed, because Src kinases activate PLC (116) , this event might result in a signaling cascade responsible for a rapid rise in Ca 2ϩ levels, initiate neurotransmitter release and, in turn, transfer a lipid signal to the brain (FIGURE 8, 2) . Ubiquitination of CD36, by inducing its progressive removal from the plasma membrane (210), might allow its subsequent partial degradation by the proteasome pathway (218) , inducing a gradual decrease in the attraction for fat during the meal (122) (FIGURE 8, 3) . The molecular mechanism by which this negative feedback takes place in TBC remains to be elucidated. One potential route of internalization of CD36 is the caveolae-dependent pathway used by TLR receptors (196) . Studies showing that caveolin-1 (Cav1) gene disruption is associated with altered subcellular localization and function of CD36 (169, 219) are consistent with this hypothesis. When the oral LCFA levels become sufficient to allow the binding and activation of GPR120 in lipid raft (149) triggers the GLP-1 release by TBC (121, 149) (FIGURE 8, 4) . GLP-1 acts on its cognate receptor located in gustatory nerve endings (194) to modulate taste sensitivity (i.e., "fatty", sweet, and umami tastes; FIGURE 8, 5). The use of GLP-1R Ϫ/Ϫ mice has revealed an involvement of GLP-1 in the dynamic regulation of CD36 by LCFA (121) . The mechanism by which this regulation takes place is presently unknown (FIGURE 8) . Further experiments are required to establish the validity of this working model, with few steps of this scenario being actually speculative.
B. Multifunctionality of CD36
CD36 is an ancestral protein found throughout the animal kingdom, from sponges (139) to humans. Its universality and conservation during evolution suggest that CD36 exerts basic functions in the cell. Consistent with this view, an involvement in innate immunity and regu-lation of energy homeostasis is well documented (for review, see Refs. 120, 153, 197) . To perform these basic functions, CD36 binds a large number of molecules, participates in several membrane complexes in a cell-specific manner, leading to distinct signalosomes, and is widely distributed in the body. Taken together, these characteristics explain the multifunctionality of CD36. Therefore, the role of CD36 as gustatory lipid sensor is, prima facie, surprising compared with typical taste receptors (i.e., T1Rs and T2Rs) of which binding specificity is rather narrow and tissue distribution more limited. Paradoxically, in spite of this multifunctionality, CD36 generally plays a specific role in a given cell type. The unusual complexity of its hydrophobic pocket, which contains several different, but well-identified, binding sites (102) , and of its gene organization, explains this paradox. Indeed, CD36 gene expression is under control of several alternative and independent first exons and their respective promoters (30, 178) that are expressed in a tissuespecific manner (3, 166) . This molecular characteristic explains why the CD36 gene is differentially regulated by peroxisome proliferator-activated receptor (PPAR) agonists in the small intestine and liver (178) . Finally, the versatility of CD36 is still increased by multiple posttranscriptional modifications (i.e., glycosylation, phosphorylation, acylation, palmitoylation, ubiquitination).
Lipid sensing is progressively considered as one of the basic functions of CD36. In this way, CD36 might actively participate in the protection of host integrity by inducing innate immunity via the activation of TRLs (1) . By its expression in the gustatory papillae (105) , as well as the small intestine (160) and hypothalamus (106) , CD36 might also be the cornerstone of a "functional continuum" along the oro-intestinal-brain axis, responsible for a real-time adaptation of food selection and the subsequent metabolic fate of dietary lipids to the energy needs of the body. Although still speculative, this working hypothesis raises the possibility that an inappropriate lipid perception along this axis might influence obesity risk by impacting feeding behavior (preference, satiation, satiety) and energy balance. 2) The resulting functional protein platform generates a signaling cascade at the origin of a lipid signal transferred to the brain.
3) The progressive internalization of CD36, followed by its partial degradation by the ubiquitin-proteasome pathway, leads to a gradual decrease in the oral fat detection during the meal. 4) When the oral LCFA level becomes sufficient to allow the binding and activation of GPR120 in lipid raft, GLP-1 is released by TBC. 5) GLP-1 acts on its cognate receptor located in gustatory nerve endings to modulate taste sensitivity. Whether GLP-1 plays a role in the lipid-induced CD36 internalization is presently unknown. Few steps of this scenario remain actually speculative. LCFA, long-chain fatty acid; Src PTK, Src protein tyrosine kinases; Cav1, caveolin 1; Ub, ubiquitination; G␣q, protein G; GLP-1, glucagonlike peptide-1.
C. Compatibility With Peripheral Taste Coding Models
As aforementioned in section IIA, it is thought that distinct taste qualities are carried by only one type of TBC (27) . Careful analysis of double-immunostained slices of mouse CVP reveals that CD36 can be coexpressed in some TBC with ␣-gustducin (105), the G protein involved in the signal transduction of sweet, bitter, and umami tastes. Interestingly, CD36 ablation does not affect the attraction for sweet or the aversion for bitter in the mouse (105) , suggesting a segregation between fat, sweet, and bitter taste qualities in mouse. Such data correlate quite well with the labeled-line mode of taste coding in periphery. However, CD36-positive TBC being poorly characterized, it is unknown whether a subset of TBC is specifically dedicated to the "fatty" taste quality.
D. Perception of a Specific Taste Quality
In humans, an additive condition is required for a primary taste: to be perceived as unique (131) . Although accumulating evidence supports a taste component in the orosensory detection of FFA in humans (see sect. IIIA), this additive condition remains an outstanding issue which might hinder a formal conclusion that a taste of fat exists. Indeed, FFAs do not seem to impart an easily identifiable sensation in nontrained subjects (177) . However, this is not entirely surprising given the physicochemical specificities of these nutrients. In contrast to conventional tastants, FFAs are poorly soluble in saliva, their hydrophobicity being directly related to alkyl-chain length and saturation. Therefore, oral fat sensation is dependent both from the nature of FFA present in mouth, and the individual variation in the salivary components known to be involved in fat perception (e.g., lipase, VEGP, anhydrase carbolic-VI; see sect. IIIA2) (144). The fact that lipids are perceived both by the trigeminal and taste pathways further complicates the interpretation of the sensations generated. Altogether, these confounding factors might explain why no clear lexicon with consensual descriptors is elicited by FFA sensation. In this regard, the "fatty" is more like the umami taste (127).
E. Concluding Remarks
In summary, some of the concerns about candidates for gustatory lipid sensation raised here do not appear sufficient to exclude the "fatty" as a primary taste, at least in the mouse. In humans, there is a little evidence regarding the functionality of an FFA transduction system in TBC. Additional studies are absolutely required to determine whether our eating behavior may also be driven by a taste component devoted to the perception of dietary lipids, and what the health impact of such a detection system might be.
V. LIPID AND OBESITY: ALSO A TASTE STORY?
Humans vary greatly in their oral fat detection (177) . According to our present knowledge, it is tempting to hypothesize that this variability might influence the consumption of fatty foods: hyposensitive individuals consuming more fat in contrast to hypersensitive subjects. Obese people tend to overeat fat-rich foods (21, 44, 45, 134) . The biological origin of this preferential food choice is complex. Emerging findings reveal that obesity may be associated not only with a reward deficiency syndrome but also with dysfunctions in the orosensory detection of dietary lipids.
A. Obesity Is Associated With a Neurovulnerability of the "Emotional Brain"
Numerous neuroimaging studies in obese adults have shown dysregulations in brain areas associated with the reward response and energy balance (previously identified in this review as "emotional brain" and "energy brain," respectively; FIGURE 4) (see sect. IIB). By detecting local changes in blood flow, the functional magnetic resonance imaging (fMRI) provides an instantaneous brain mapping in response to a specific stimulus. This technique has revealed that the presentation of high palatable foods pictures triggered a greater neural activation in brain areas involved in motivation/reward (i.e., VTA, Nac, insula, OFC) and emotion/memory (i.e., amygdala, hippocampus) in obese women than in normal weight controls (208) (FIGURE 9 is noteworthy that some of these brain areas (i.e., OFC, insula) are also directly implicated in taste perception (198) . Conversely, obesity appears to depress the activity of PFC known to be involved in the cognitive control and attention (24) (FIGURE 9 ). An abnormal activation is also observed in taste-responsive neuronal regions in fasted obese subjects in response to an oral stimulation with a formula rich in fat and sugars, compared with normal-weight individuals (39) . Morphometric studies have evidenced a decrease in the gray matter density in brain areas involved in taste, reward pathway, and control of eating behavior in obese volunteers (150) . Although the functional significance of these anatomical changes is not yet established, this finding suggests that obesity is associated with structural alterations in brain regions known to play a key role in the construction of food choices. Preclinical and clinical studies have shown that these neuroadaptative changes affecting the "emotional brain" are mediated by dysregulations of dopamine and opioid signaling pathways (for more details, see Ref. 17) . It is well known that obesity also results in profound endocrine changes (i.e., insulin, leptin, GLP-1) disrupting the satietogen function of hypothalamus (104, 183) . Therefore, obesity appears to be associated with a central neuro-vulnerability affecting the homeostatic functions both of "emotional brain" and "energy brain" promoting the appetite for high palatable and energy-dense foods (24) (FIGURE 9).
Interestingly, appetite for high palatable fatty foods can be reversed by a significant long-term weight loss. A profound change in the spontaneous eating habits leading to healthier food options usually occurs after bariatric surgery. Consistent with the neurovulnerability hypothesis, fMRI studies before and after surgery have revealed a reduction in activation of the "emotional brain" after weight loss (8) . To further assess the impact of bariatric surgery on appetitive value of foods, Carel le Roux and his colleagues from the Imperial College of London (UK) have submitted fasted lean and obese volunteers to a reward protocol that consisted of clicking 10 times on a computer mouse to obtain a chocolate candy or vegetable pieces, the number of clicks being twofold increased after each reward. Obese individuals worked harder than normal weight people to obtain candies, this difference disappearing after bariatric surgery. In contrast, no change was observed when vegetables were offered. It was concluded that surgery-related behavioral changes were likely due to a better evaluation of the hedonic value of highly palatable foods (135) .
B. Obesity Also Affects the Orosensory Detection of Lipids
Obesity is also associated with functional defects of the peripheral taste system both in rodents and humans. Dietinduced obesity (DIO) shifts preference for oily solutions towards higher concentrations, compared with lean controls, in rats (191) and mice (31) subjected to short-term (10 -60 s) licking tests. Data from our laboratory indicate that the decreased detection sensitivity for LCFA is associated with an impairment of the lipid-mediated signaling in gustatory papillae from DIO mice (31, 149) . Indeed, the Ca 2ϩ response to LCFA was dramatically decreased in CD36-positive TBC from obese mice compared with lean controls, leading to a decrease in neurotransmitter (i.e., 5-HT) release (149) . Obesity-mediated impairment of oral fat detection might be primarily due to a disturbance of the dynamic regulation of CD36 in the gustatory papillae (see sect. IIIB3). Indeed, the translocation of CD36 in the lipid rafts in response to an acute LCFA exposure is significantly reduced in TBC from DIO mice (149) . Origin of this functional change is not yet established. Because the lingual CD36 is involved in the orosensory detection of lipids, such a defect might explain why obese mice are unable to detect low concentrations of lipids properly during behavioral tests (31, 149) .
In humans, obesity also seems to perturb the peripheral gustatory system. Obese individuals have, on average, a greater liking for sweetness and high-fat foods (7). However, the impact of BMI, as variable in the oral lipid sensitivity, remains a matter of debate since some studies report a negative correlation (204, 206, 207) , while no association is found in others (32, 127, 205) . These inconsistencies are likely due to the difficulties inherent in comparing sensory experiences across individuals using a psychophysical approach (3-AFC procedure), especially when a sensation that is not easily identifiable is studied. Nevertheless, a recent study from our lab found that adult subjects who preferentially overeat high-fat foods were all obese individuals unable to detect LA properly during 3-AFC tests (32) . Obesity also compromises the activation of the taste-evoked vagal reflex loop (i.e., tongue-NTS-blood axis; FIGURE 4), normally triggered by an oral fat stimulation and leading to early changes in the plasma TG levels (28, 127, 128, 130) . Indeed, the TG rise observed in overnightfasted lean individuals subjected to a brief oral exposure to LA (sip and spit procedure) is lacking in obese subjects (32) . This finding is consistent with a defect in the orosensory lipid signal circuitry in relation to obesity. The physiological significance of this early peak in TG remains elusive. It might constitute a metabolic signal for the brain. Indeed, delivery of minute quantities of TG to the brain of mice via the carotid artery rapidly abolished preference for palatable foods and reduced the motivation to engage in food-seeking behavior (22) .
Taken together, these rodent and human data raise a basic question: is impairment of oral fat detection the cause or consequence of obesity?
Effect of fat mass
An inverse correlation between fat mass and orosensory detection sensitivity to LCFA is found in the mouse, obese "FATTY" TASTE animals being unable to detect low concentrations of lipids during behavioral tests (31) . Interestingly, this defect seems to be associated with a preferential consumption of a highfat diet in rodents (191) . Induced weight loss by caloric restriction or bariatric surgery demonstrates that alterations in the "fat taste" responsiveness are reversible in rodents and humans (18, 31, 136) , emphasizing that obesity exerts a deleterious effect on fat perception. In obese subjects, dietary restriction reduced the spontaneous consumption of foods high in fat (48) , while patients with a gastric bypass find fatty meals less pleasant (136) . The effectiveness of bariatric surgery is partly due to a selective reduction in the reward value of palatable foods both in humans and rodents (107, 135, 191) . To date, effect of the reduction of fat mass on oral fat detection remains poorly documented.
Putative molecular mechanisms
The origin of obesity-related changes in fat preference is actively studied in the DIO mouse model. Taste buds being dynamic entities with physiological performances under endocrine control (see sect. IIA), a causal role for obesityassociated hormonal disorders was likely. Consistent with this hypothesis, administering exogenous leptin to weightreduced animals reproduced the increased detection threshold (i.e., the lower sensitivity) for corn oil found in obese rats (193) . Taste buds are also characterized by a short-term turnover sensitive to inflammatory stress (34, 224) (see sect. IIA). Both increased adiposity, by producing proinflammatory cytokines, and intestinal dysbiosis by increasing blood LPS levels (66) might interfere with taste bud function, so decreasing fat detection in oral cavity. An orosensory consequence of these DIO-mediated changes should be a decreased "fatty" taste sensitivity contributing to overconsumption of energy dense foods. Interplay between diet, microbiota, adiposity, and gustatory health is an emerging concept. Whether endocrine disorders and inflammation affect the expression and/or function of lipid sensors expressed in TBC is presently unknown.
In summary, the findings reported here illustrated the fact that "the obese live in different orosensory and hedonic worlds than do the non-obese", as proposed by Linda Barthoshuk et al. (7) .
VI. CONCLUSIONS AND FUTURE DIRECTIONS
Does taste of fat constitute a sixth taste modality? The data are strong, but not definitive. According to our present knowledge, several outstanding issues remain to be addressed. In contrast to specific tastants recognized by basic tastes, FFA are poorly soluble in saliva. The salivary lipocalin VEGP, found in vicinity of taste buds, displays a binding affinity for FFA. Does VEGP play a role in the FFA-mediated activation of TBC? FFA are also multimodal stimuli able to trigger responses both from TBC and trigeminal endings. Are there functional interactions between gustatory and trigeminal pathways during oral fat stimulation? Surprisingly, these two oral FFA detection systems express CD36 and GPR120. What is the role of these two lipid receptors in somatosensation? Converging data strongly suggest that CD36 plays a major role in the oral "fatty" perception. However, CD36-positive TBC remain poorly characterized. Is there a subset of TBC expressing CD36 specifically dedicated to the "fatty" sensation, as reported for the basic tastes? Recent literature indicates that FFA detection by TBC is a dynamic system capable of rapid physiological adaptations in response to environmental (e.g., quantity and/or quality of dietary lipids) and internal (e.g., endocrine status) changes. Based on the modulation of taste sensitivity thresholds, this homeostatic system is probably involved in the construction of feeding behavior by orienting the food choice and modulating digestive tract functions. GLP-1 has been identified as one of the endocrine factors regulating the sensitivity of CD36-mediated oral fat detection. By which mechanism does this control take place in TBC? Answers to these questions should clarify the role of the taste system in oral fat detection.
From a physiological point of view, existence of a system allowing an efficient orosensory detection of dietary lipids, in which the gustation pathway might play a significant role, makes sense. By increasing the attraction for lipids, such a sensing system, probably inherited of evolution, could be an advantage to survive to the food scarcities. Indeed, fat-rich foods not only constitute an important source of energy, but also contain essential FA and carry lipid-soluble vitamins (A, D, E, K) implicated in multiple crucial biological functions. Conversely, it might constitute a risk factor of obesity in a plenty food environment. Consistent with this assumption, recent evidence reveals that oral sensitivity to FFA is compromised in obesity both in rodents and humans. This peripheral sensory distortion, associated with a central neurogustatory vulnerability, usually renders high-fat foods more attractive, thereby worsening the obesity. Interestingly, weight loss corrects this deleterious eating behavior. Therefore, it is reasonable to expect that the deciphering of molecular mechanisms responsible for the plasticity of "fatty taste" constitutes a major public health challenge in the context of our obesogenic environment.
Reducing the scientific discussion about the oral fat detection to the question "is there a fatty taste?" would be quite similar to a byzantine debate. The exciting finding of this new field of investigation is the demonstration that FFA sensing by the lingual epithelium is a complex physiological phenomenon that contributes significantly to the eating behavior construction by affecting the food choice. A better understanding of this system might open novel avenues in the pharmacological and/or nutritional treatments of obesity.
